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(57) Abstract:: A positive electrode active material for a lithium secondary cell having a high energy density and excellent in charg- 
ing/discharging cycle pcrlbnnance, and a lithium secondary cell having a high energy density and excellent in charging/discharging 
cycle perfonnance are disclosed. A positive electrode active material for a lithium secondary cell is characterized in that the compo- 
sition of the active material is LixMnaNibC0g02 (where a, b, and c are values of a point (a, b, c) on a side of or inside a quadrilateral 
ABCD having vcrtcxes A(0.5, 0.5, 0), B(0.55, 0,45, 0), C(0.55, 0.15, 0.30), and D(0J5, 0. 15. 0.7)) on a ternary state diagram show- 
ing the relationship among a, b, and c, and satisfy the expressions 0.95<x/(a+b+c)<l 35) and in that the active material contains a 
composite oxide having an Qr-NaFe02 structure. The litliium secondaiy cell comprises this active material. 
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W^^\^M^X . 2 1''#ia(^|^WtC«2 1±l. 5") fCLiaMnOa+atC 

* fc, tt IS C o -a- ^cC 5 ttr IE #: ^ L X^'fbi^X .^m-ftti:^ ^aitRi- -5 

■^xmm^n^ Hul^#:©^^^3t?r«fe^i-SlSd5&syi:i?>. 1^ >fk X fi ^ ^ -fb <fe 
:^ <Sr -t- 5 i t ;5S * L V^ o 

r ^1 -e. Mia L i '(b-a-i^ t VX-L i OH^mmir 6 ts LiOH(Oll!;iS{*45 
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H 1 {4. L i n . N i b C o e O 2 <^J^fife^^t"H7cJ|^^|2Il? !9 s HI 2 . 

(4. *te^!)6ic#5 V ^ j>^-'^nmmiEm'ismw<D^^m.m^m^^ (sem) 

*^0^c^'IE^StlK«. ,te^ilC;Li^Mn.NibCoe02 (fl-bs a, b, 
c {i. ^ (7) ^S^-r = 7cJbtffi0-h{^1^3V^T, ( a , b, c ) .fe A ( 0 . 5. 0. 
5, 0) t J^B (0. 5 5, 0. 4 5, O) C (0. 55, 0. 15, 0. 

30) t J^.D (0. 15, 0. 15, 0. 7) t ^TK M. t ir ^ m ^ M A B C U <D 
m±t.tz\i:\^^iZ^:&i- ^mm<DmX^ ^ . O. 95<x/(a + b + c)<l. 
35-t?fc^)) -^^^tt. a - N a F e O 2«5t?r^-r Sli-a-m-fb^l^^^ri- S w 

fc|&7^^?/i5';^^(alJffj^Eltc:j3V^i:. 2 9 = 1 8. 6±0. 3° (DMtJfB^^ (m) 
i^M-t ^ 2 e = 2 1 ± 1 . 5° iCidilf ^m^m^S. (s) (Oit (s/m) jj^o. 

SHIHl:!: (s/m) «rO. 0 4*«i:-r'5fcJ6{cj4. _hi?g U J: 5 ^ 

i^*0faMcot&m#d5 ^ - N i (OH) ^mm^mm^^t vx^tth(ot:m^^^ 

13 



BNSDOC:»D; <WO 03044881 A 1J_.> 



wo 03/044881 



PCT/JP02/12171 



-C.J.O,]it|B— ^fc)^^(D2]Z:*&ji:#;6So. 6 n m Sk ±-(^ h ^ h <D t T ?> tc tb iCi'i ^ 

lrjE& c o ^Sr'firUx Ni (OH) 2Mi^^«3t<lr*-r S'fk'^t)^^ 

^Ef * bVNf^B t ^©f^3K;^lfel-oV>-CSfc?gi-So Hifffit&i^#:ttx Ni (OH) 2 

14 
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-C fc -So 

i- §\ H& 12 CO S -f ;5 fS] t 5 ^ © m .-^ b . S M co p h (4 , 1 3 

2m{c^ftti. ±^vt:itmm^^mhf:immi^n p -i^ i (oh) zS^st^ir 

^ t L-r^ tf r^^H t S „ _hfEc73^#;5S^-r ^£ i: . tR^^M T ^ <D T = 

L^ttt;|gife?lrl£i^bfcttfe**:}± a -N i (OH) 2 ® «it % # < ^ ^ t> (55 
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N i -fk-a-J^' b-Ctt. 7KM^b= ^/'Jr/v. ^^-y^/u, mm=^y'^r;\^^ mm~ iy 
Jf -5 ^ t t 5 o 

t^S0*l.V^o T i> A-Y r J: 19 . Hif IB «t S i^? 3* S 35S 

3^c:0»T?t>x A-f ^Kf&^f^ k^^^-t M 

n, Ni, C o tV^-o±mm^^m-t Z^m^ yt->^HzMVXi^m t htc^ii^FT 

xm^^^:(Dm^^±^^ ^ t . miibx^mx^-i^\^-^ttmm7!)^^i^-r ^(Dxmt. 
iis»j<ojgi«;Sj t*©^s^tr^#ii-5 :Ltx. m^^itit'tm<Dm^m^^mm 
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y^/uhji^. c o (Dmm.^tm t Lxii. m.m'&.m.^=^y<^^ hi^m^-f hti^o 
mm-r ^ z 1 X ^x j^mvx sp^^ c o ^t^m(Dmmm^'icMn:i3 x 

UN i (D A^ti^m^^T-t ^ :l t Xi^ — iCMn - N iitJ^^^Jftti^-frSCirlC 
RB^^tLJ'jVN^iS. ^ij* U< W:. S&'(t:='x^/v h (I I )x TK^^fb^-fb =« .^^^v h ( i i 

I). m^mit — =iy</i^h (III) — (I I)^ 7j<^'fh 3 ^^/v h (II) 

^^V^5r. i:;iS-e#5o ^(D-m^itl. i :(Mn+Ni+Co) i^S tir 

KJt- C TBf t^cf-Sd^.L iMnOziL i CoOzt'^S+ai-BS't"^ 

^ ^jji f ij $ -tt s fc >6 (j: L i it^m^-^-^T^m*ih-t^ h !^\^o mmm^<Dm^mih 

<^<Dm^]^tL i X (Mn + Ni+Co) . f^^t \^X 1 . 3 5*^. X V 0^ 

i^T^h. ]^V^rc;^/^di^ — t lS5 3te *Sc« "f- >'H4tg^*i-S P ^ A " 2)^: 
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4) 5 o 



ttimw k L i '{t^m t (Dm^<^(Dm^M^^&i-t. 9 0 ox:u± 1 0 5 ox: sit 

;6Si{iif*b<.j;i9Sf*L<{4 950t:~l 02 5 "C 5 . f^MSlfift 9 o 0 

t^simx ^ i> -^^ . mmm'is.m-A^ 1 0 5 0 "c^rnx. ^ b . m^<D-m^^^<t7!)^m^m. 
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m-Vh^. ^¥7kmm t V X it ^ :f \^ u :^ — — h.cn^v-v:^7 — - 

•r ; 5^'^ ^/i':!?? — ?}?^— h X :i. ifj ^ — h . zx. ^ fv :^ 'J- )V — ^ 
)vm. \ T Vy Ko77VX«^<^^##^; l, 3-':^:^^f->'. l, 4- 

5> PS^ ^> tt 5 1> <^ -C » /j; v^. 

mn'K'iklh \^Xn.. LiC104. LiBF4, LiAsFe, LiP 

Fe, LiSCN, LiBr, Li I, Li2S04, LigBioClio. Na 
CIO4, Na I, NaSCN. NaBr, KCIO4, KSCN^<^yf-!j7A(L 
i)x -i- Y V (Na) y^X^-^J ^ J>. (K) <D\ «tr^tPtl«l-f -^^^M.. L i C 

F3SO3, LiN (CF3SO2) 2. LiN (C2F5SO2) 2. LiN (CF 
3S02)(C4F9S02). Li C (CF3SO2) 3, Li C (C2FgS02) 3. 

(CH3) 4NBF4, (CH3) 4NBr, (C2H5) 4NCIO4, (C2H5) 4 
NI, (C3H7) 4NBr, (n-C4H9) 4NCIO4, (n — C4H9) 4NI, 

(CgHs) 4N — maleate, (CzHg) 4N-benzoate. (CgH 
5) 4N-phta 1 a te.^T^Ty y A , ;t /l^ /J^ >- 

my A, K7^i^/v-<^-^i^:^>'V'3i^i^®fey ^!>-^^<^*«8l-r ^^'IS^^s^ff ?> 
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feSV^W:, LiPF6^LiBF4i. LiN (CaFgSOz) 2<^J:5''^-^^ — 
^?4L<W:^ 0. 5mol/l~2. Smol/lTfcSo 

Xi-t&^LX 5 0 •C- 2 5 0 "CmJtcOti.SX'. 2 ^ ^it ^MS i" S r t J; 

(DiytDx&'fitfifti^mi^x^x'h^^^o m:^ti. y^!>At^s. y^i^A-^^cy 
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h> xN-K*-^^^v. i&m.m^mm. #^^g:«7-xj?>'^) m-A^mif 

*&^[BraPS ( d 0 0 2 ) 0. 3 3 3 — 0. 3 5 0 nm 

a$|&:;^(R]<O,^^^^C0;^#$La 2 0nm ±. 
c tti;&^F^<Dj^^^©:^C^ ^ L c 20nm iJAJ: 
^^^^ 2. 00~2. 25g/cm2 

t>^, T^^i':7 r — :/^^^iiD bTgJcKSrtf 5 - t ^>'5r«E-t?& 5. 
^'yyr^ h (^*BaSr±IB<z>;^felc j; o xgfeSr-r 5 - m ^i? « <^ ?r «] 

bm?lfe#i4'Srl©* S :l^:;5S•pr|g■T?fc!?M*bV^„$^>^r.i/77T-^'^t^l*fbT. 

fp)±i- 5 g 6«}-t? 1 0 ju mfilT-efc 5 ^: t bv^„ i^flc^lrBf ^<^?^*^X#§ 

V^ ^,^5. Fil;ttt*?L#s f->-K5;v^ tig 

ilj # — /V ^ . g. 7j< — >'i^ ^ /v- ^ -i^ 31 y h ^ /i' ^ ;«7 ^/ >' iS' — ^ h 5 . HI ^ 
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«f[iBiE®2iT^^aictt. m^^mmm^6^(Dmi^. mmm. mmm. m^m. 

^/ i!' ;6S0^ bv^, ^m^J® -^iD*}*, EtlX L -c 0 . 1 

5 0 mS:%3iS^if * U < . #ico. 5 3 0 LV^o # 

m^'i^^M h \^ X U . m% . 7i^V'rh9:7/u^u:i^'f-ui^ (PTFE), V -7 
iy \f =^ V (PVDF). /-J^ya^5=-l^^. Jt? y n t' # © ^ rT Mtt^ JiS . 

ai^W>--:/ntrV'>-i;?cii^'^— Tjfy-^— (EPDM), J^/VTl^i^-fkEPDM, 
^^'^U-V^^^'S^ccvrrA (SBR). Ifl =^ A ^ © :f A #tt 5 JiK y — 

1 axf* 2 «JJi_h(D?S-a^i^ bTffi V^ 5 C t 5o l§^^J<^m^)P*{iv IE® 

3l{4:fea<^'imm*{J:*j- UT 1 ~ 5 0 m-St%i>^0t. b < . ^{c 2 ~ 3 o 
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m n . ]) n 1:° u :y , V :^ u > (D :t U y ^ ^ V — . M V ^ . 

>i^7.m. m^^n. Mn.^n^^=i-. ^tn^^^f 7;^^<^flfe(c, ^m^^. 

-J^ /i^ . ^ iJ' .V ^ ig # T' ^ a b !fe ^ ffi v^ 5 r i ;4S ^ ^ » ffi ^ S #: i b T (i , 

t-A^xt^. :ithh(Dun\^-^\r^xi-imm^m^t^mi-^ ^ t -h-^mxh 
^nh<Dmmi^(D^x.iEmt \.x a.'mm^t^i^m^xi^^^r % ^ r> a^^js, 
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$;&So. 2 M mR a m-tOfg-CfcS i i U < . :i fhiZ X ^ sEUm ^ W it 

y v"" - -9- :7 /V ;t n 7° n k° w it g ^ ^ ^ :7 ^yfb tf y >- - — :7 7W p 
lf = /vai — ■7^/v*fi-^#:,:7y'(k;if^y7=>'-xh7:7/i^;t-t3J^5^^v*m'a-^, 
:7 5/ -fb tf = y 7* >- - h y n 31 5^ v * -Jzlc , 7 y -fb if = y 7* >' - :7 

y -ft; t^=^ y X ^'-^^ u-^^a-a-i^^x y y ity^ =■ )) > - zf n \f u ^M^W . 
y y-fb t'=. y t';^- h y ^/v^o ^T'n if ui^^'M.'^W. y yih\f~ y f^^-T- v 
^7 y :t ti u > — y :t n zf u ifw^fi-^^^^ :7?/-fbif — yv^v- 

If = /vfe:'p y k:/. y 7 y>fiiif = y y m«?Sf x^^i^^tts 

Ttf y — -i** ?r ^ T t J; v^ o 
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V 5^;*/HI»i^i|iJSr^ffi bTj!iqf^^^^i» (uv) <^fflv^fet), m^f-M (EB) 

y^u. ^fy^^/vp^^j^^yiz-h^} m-i^m\f . mmm^mikm(DmMmi 

(0/Ky:7°Pfc°v:/:/y3 — /I't? (^^5?) Ti^yw-— xKy^:¥->'3ig=-ix>'/;K 

^) T;5^yi^— ^^'y-ptf^u>'i?'y=i— /vi? (^^) r^J^yv'-h^}, 3f 
«g ^) T^yv-H {hy^9=-p~/i':/p^N°^hy (^^5^) r^^yw-h. 
ify-fey>-hy TiS'yi^— y y u:^::e-=aj^t/ K#*o«ib© 
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^) T }) u— \- ^ ^ V ]} >'<D:r.<^u>-^^iy u u >' :t ^ \^ HMm 

ly 3^ V V h — ■^i^y' h 9 ( ^ ) T ^ V i^— h . i^f V ± ]) >^ ^ ^ ^ ^) 
v^ s t ds-c t 5 „ 

7" h^T/V^r/VT^'^::^ AiS^), * ;i tt o ^ jfti /V Jt? SIS: c 1 
~C 1 8 WflBftiSl^eJlttllg^^T/Vn — /V, T^U^U> (C 2~C 4) :/y = — /l^, 

yi? V T U :y ( C 2 ~ C 4 ) i5^" y 3 — /i^ # T? t|5 5^ 61J oi 7" U t> CD ( p< 

f4 2^T=:v-ef|5:^6<)tCT5 K'fbbfct>(0 {-^ U yf >m=e / T ^ N-T^^/l' 

Ti^y7vM^;^7"^w Cci~ci8(D||E5i^ :/t3tvw. 

2 — J- '^^/V^ =3r ^//P^ ^^^^T^ry/W^) /I'i: T ]) ^ly]^ t <D 

:x.7.=T J^fiT/V^V-V (C2~C4) >/y=i — /I' (o^^^l^^^^yri — 37° 

a t° i^^^ii'' y >»k, 1, 4 - ^'i^3^ — :rtj? y T7V=¥ w V (C2~ 
C4) ^y=i — /^(/iN'y^Ji^i/^'i^'yri — 5}^y:/pt°V'>'i5^y=a — /k) i: 

i?) Ti5^ y /W^t T^^y /VT 5 KX«N-g^ ( p« ) T 

^ ^) fVT % F [(;^ ^ ) T y /VT 5 K. N- pi ^/l^ ( iS' ) T y /l^T 5: h% N 
-p{^n>-/u(pt ^) T ^ y/vT5: K^]; lf = ;i'ji;^-r/W3?.{iT y^i'J^;^7^>'V[i^ 
Mtr^/i'^ i^^T y /u^] ; tf cr^y'kcc — ^ xjiT y ^vj^ — 7^/1^ [:/^/nf =1^1^01 

— hy/V. tJ'nh:^::^hy/V^];/Fl&^T/V=»— 7W[(pJ;Jr) Ty;VT/V=J— /V 
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-[N- if-^vfct y K^-. = y e> i^4s^] ; W 7 ^ ^mHgl»:^^'fb7K^ 

-^y:/^i/>^, -<^7^^, (C6~C50) a- 
4 ymi;:t I- y ^ mmm^^it:^mi-> ^ u ^^y" ^ o :y , 

XI ^zf 'r ^ y /u :^ ; u :7 ^ i^^^mmm^tyi^m [x<;^i^v. a 

^•^e/'x'- [:^'ffc; If ^^•fb If ^ y x>'. :7y'fl::t'c:^yx:x, --^ ^ y ;u yjr n 

y — A e^' y ->- 7V — 7^ ;v , if ;^ 7 ^ y — /v f y oi — •t^ ;u ^ ^ ^ 

-ft: If :7 3: y — A y — , -7 ^ j — jv / ^ if i/ %^ jv^^ 

— 7" /V . tJ' > y — /V y 3i? 7 y tJ' ^ y — 7^ /V^ } . y 5^ ^ /WlSf ^ 

df-iM: Kp 37 y ^J/-^ ^^^^ y /V j;^ -5^ /I^ ^ } ^ ^ 

^) )VT % i^m { h y y /i^ 'I' y v' T ^ u — i> ^ 7^ h 7 y -/i- t $ 
y :7 3. ^/vpi ^ m^^^mm^a^^^^ Ym. {^?K^'>>ft:df y ^^'iS^ 5^31 

^*°ds- ^'^b:»cS?ft^). li^|i^3l7K^1^-r K«{3, a zx-H^ ei^ - % :^ ^ jv ^ xi 

^ -> 7V y /V 7j? df- V V — h , 3 , 4 31 /tf :3r t2 =!r ^> /V ^ ^ ;^ 

m^m\\:.n<om t bT«. JiiiSi^TK y r ^ ym. { s?^!^ h y t 5 h y 

:x.^Uiyy-Y7^^y. 3, 9 - (3-T5;y7'at:°^V) - 2, 4, 8, 10-7^ 

hP:*-:3ri^^t°n [5, 5]!J^:/x;&>^}s^#^2KyT5:/^{^i5f^>>'i^i^ 
v?T^>'.>>T5y:7.nc^/vyi5^:/4f},4fyT5 Kl®{ iJ^-r-^-^jKyT? k^}, 

tK 17 tt;^ h y y y y h Mzlcy i:;' rJ' ii}. 7 y — { :7 

y — /i^y 7r:. 7 y i^m^. y fvfj-zr^y { y iJ-/v>'r -f K#}. 0 = t 5; ym. 
{ h y (e^y -^^/i^T 5 y y :7a:y— 2 - 4 _ ^ 5^;^^ ^ ^ 
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,>.7--j-_f,^ -J -y =. ?V it. ^ ^ \f T -i- — V ^ 1, 6-^:3r1h;><9=-V>-i^^ 

yi/T-^- — 2, 2, 4 (2, 2, 4) - V) :^ ^ )V .^i^Tff^UVi^^y 

->-T-t-— p-7ac = V>":?^ye/T-^-— 4, 4' -i;^e/:J^n^dE^^//W;>{ 

^>-^^^>v-T:^— 3, 3' -v'^f^/Vv^:73i=/U4, 4' -v^-ryv'T-^ 

— 'J'T V'-y -i V ""yr -r — V . XD. — ^ "y \^ y ^ y T — V . hy;< 

^^yv^^E^iy Wi^e^xf y ixT-^— h . y >^ ;i- a ^'i^^ y i^T-^— h . 1, 5 - ■:^ 7 
^V-^-e?^ y'>T^— t r a n s-1, 4-->^n^:^re//l'i>W'ye/T-^- — 
h . ^) ^Jy 'y 4 y ^yT V^-h^mi hX^^ . 

— i^^cr.^^ y =1 — p t:° u :/ y =i — 3 f IS 'f -a- { y 
■fey^'^ tyy^^o — /I'y-o-'-?^^. i, 2. 6 — -^-^ y h V :t'-/^^. hy^^i? 
y 5. :/^}. 4 'g-lg^k-a-ilfei {-^ViJ'ciiyj^y h— /w, acf^w-^^t^T^i^, h 

^'^^i/zi-^ }, 5 WtB-fb-a-'l^ { 2 , 2, 6, 6 --7^ h V ( t K P =¥^>' 

^ ^^'W) 'yi^n^^-^/ — i?cc^ w h y T 5 Jifc if ). 6 "^mit^m { y 

TJ? 7}f y J- — -7^ 7V y :t — /i^m it^m^ V — yr^^/tDT/at-v:/::*- 
KJcT>*/32.fi^^ i^y^^"^^ K#i)Dfe). y ai^^T^/v-stf y — /v- [faiB 

^ -i^^^l^ym. V -y / — /VM) i:<DJfi|-a-#». ^ V X2 j -if hyTi^ v yt- — 
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T 5 >m {t'yv^v. N-^^/v^/wji^yi^^), t^T ^ ^^m {n , n, n', n' 

-7^h9;^5=-/^^^l^>'i;?T^>'^ N, N, N', N' 3 - zf 

i?^v^T5^#}, hyT^>-|i{N, N, N', N' -^l^ ^ ?t U> 
h V T K > m). ^^-^ ^ l^m {T^ , N. N' N' -T^h^ (3--:;?^f^7^T$/ 
:/a tvu) - ^ ^ :/i^T ^ SIH^tJ? y t 5 { i^T 1P ^ n:ti!^ ^ (D 

A B c o ) .. N , N ' - ^ ^ 7V f ^ ^ . 1 . 2 - ^ 5^ 5: — ;v , i , 

8 - i^T-if'- \fiy ^ u (5, 4, 0) ^ l^7''±>' - 7 (DBU) ^} S'O'^ti 
#-eititi- 5 w t J; o T$?jg;cf^SSi ^ tbSo lE^ t :ft ^ t y ^ a - 

29 

BNSDOCID: <WO 03044881A1J_:. 



wo 03/044881 PCT/JP02/12171 

< mmm > 

lEa. -^m. mmn. ±^<u — -$fm.xj^izmmm^mn^Mxh?>. 
(mmm i ) 

^^MM^IJtS^f tczk^ 3 L ( y y h yi^) A;ixfc. $bicpH=il. 6 i: fj: ^ 

mwm^m^f^x i 2 o o r p mxmwv. t-^^-ic j; ?? Rfs^mp^mmm.m^ 5 

33mol/L. =■ iy ^ /i^^Stlb^ 0 . 563mol/L, =« y< JU hWkSt:^^ 0 . 5 
6 3mo]/L. tK7i?:/5*S:6SO. 0 1 0 1 m o \ X 1^ t tj: ^ X ^ K ^ MWt 

(MnSO^) 7iimW. mm=^ y 'ir^u (Ni SO4) yk^W. m^=^y<^^ 
h (C o S O4) 7kmmRXJ^i^ (NH 2 NH2) TK^^^il-a- b T # fc „ 

sjc&Wrt'ji^^ef^^j^ '^i^tt'^e^js atrial^ j^^RSr 3. 2mi/min©^sisST 
m^Rjt^wi^i^^mtfyi^mT v-^. ^Ltitmrnvx. i e m o i /lot 

T7j<^0. 2 m 1 /m i n (^»ig»X'8aiBS:;S1f t^J^i^T * . Mia^fSflT 

F^^l^© p H;6S 1 1 . 6 (±0. 05) 2:— 3 2 "/oTk^-fb-^- h y 

!>i^7K^MS:ifi^6<jic«Abfco * fc. mmm^ 3 . O L t ^tc-S* t ^jj S J: 

IR U:fc^ y — Sr/icifcx -^iiU. l O 0 •Cl? — BfeftiSI $ -Br. Ni-Mn-Co* 
?tMe{*:<D«&>fe^#lfe. ^^y ^ :^mml^m^(Df^m. I^N l -Mn -C o *ttStf 
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13— Ni (OH) zMm^mm^^t \.X^ AyX-\,^^ ^ kT!)^t>7!)^^fc. 

-CLi / (Ni+Mn + Co) =1. li:/jJSj;5{C#»L-. +^triS-g-Ufeo 

O'C/hrTflOO 0 "C* 1 O 0 0 "CJCT 1 5 h r ii^it ^V^-e 1 

OO'C/hr-eeO O X)* -e?&*P ^cD=^^?5r?&U. Li-Mn-Ni-Co^ 

'^m-fbi^^#:feo iy ^ :^mmmm^<Dmm. m^tifzi-L i-Mn-Ni-Co 

^^m^t^J SWi^R 3 - miCllSM^ttS a-N a F e O z mmH)^ X h ^ 

■ho I C P m.^'5^^<Df^m^ Lil. iMno. aeNio. 32C00. aaOziffi^iSr 
?i^UfCo ^i^e^^lSfelC i 5 B E T J:k^®tt« 0 . 5 m2/ g t?4>o:fc„ * , 

M^mm^mwm (sem) x ^xmm^^m^tm<Dn^^mmLt^'^^. is 

5t ;^ #: t»t o — 2fc ^ b T - m ^ ^ ?^ fife b T s « ^ ffill $ ;/t o 

m h ti: r> fz . a 

iumm 2 ) 

lyff >WiUl>^0 . 9 1 5mo I / -L . =■ ^ fVWk^t^ 0 . 4 2 2mo 
=i/</l-h^gSS;6S 0. 422mol/'L, tF^i^Vj^l^dSO. OlOlmol/ 

L i: /.e -5 ct. 5 ^ >;^f:/(MnS04) i^'MW.. SS®?- y (n i s o 4 ) 

Tk^l^x fiSi^a^'^/v h (C o S O 4) :^mmiSi.XJ^^ K^i^v (NH2NH2) tK^ 

i - c o ^litmmw^v^m Lfc„ ^ 5/ ^^^latffiiij^rorit;^. n - n i - c 

o *tfcttrl«^*:t±. ^— Ni (OH) 2M3fe^#it^± ^ LT-^A/T'VN 5 ^ t 

L i / (N i +M n + Co) =1. Z t ^ H 0 # S b . 1 t m^f^ 

bTLi-Mn-Ni-Co m^mtm^^l^. ^ 5^ ^ H HI $f «S ^ © . W 
hihifL i -Mn-N i - c o ^-a-M^fb^feifix ^ffli^R3-m{e:!lSJS$tt5L i 
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febttifco 26 = 18. 6" (DW\mBi^M-r?> 2 1° <DmmM<o^mit^nmv 

itb^^. 0. 02tti:^1to I ClPU^^^<Of^m, L i 1 . sMn o. 5 2 N i 

0. 2 4 C o 0. 2402 ^-a^?r5t^bfCo BETi:b^®^f*0. 6 m ^ X g ^J^CofCo 

(^tfe^l 3) 

l^:ff>WkMi>^ 0. 9 1 Smo l/L.:^ y '^^Vlgl^i&S 0. 756mo 
=1 hWi^t^ 0 . 088mol/'L.fcK7v?>'li-SdS0. OlOlmol/ 

L t ^^^5 J: 5 iC. a^-r ^-;{f>' (Mn S O4) tK^M. y ^i^/V (N i S O4) 

7K^^> ai^^'^^/^ h (C o S O 4) :^mmRXJ^^ KTi?^' (NH2NH2) tJc^ 

i - C o #5ttSuig#:^f^$^ L.fc„ ^ ;^7^[iJ$'fS'J^©^;P:, n - N i - C 

o*itBifiX#tt. i3— Ni (OH) zMJfeS^ig^^i: bT-^Az-CV^S r t 

. m^i-it-.Mn - N i - C o *efcmiiZ{* t Tk^-fb V =f- !> A - tK :^ 5^ i: =lrJl^J:b 
-eLi/CNi+Mn + Co) =1. li;/j;5J;5tJiWfi:U. ^ii^»Jii:IIIilJ3: 

UT L i -Mn - N i - C o ^'g-^'fk;!fe^#fc. 5^ ^ IS HI ^IW O , # 
5>tb;feL i-Mn-Nt-Co ^-^g^-fbil^ tt. ^fSimR 3 -tnicmJS,^tl^ a - 
Na F e Oz^i^t-in^T^ L i 2Mn03^St-*^i''St-^5>tlSIIIffi^;6S2 
2° iC^4i!)bttfCo 20 = 18. 6° Oml^BiCMir ^ 2 2 " O |hI $lf ilft © 5t * 
^1^m\^1tt:L^. 0. 03a;/jJo^„ I C P*a^i^*f 03^*. L i 1. iMn 0. 
saNio. 43C00. osOz^^^^^bfc BETit*S^«0. em^/g-e 
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>:ff 0 . 7 9 2mo l/L.^yJr^VSia^^JSO. 3 5 2mo 1/L. 

=3 ^<;l- h^^Ti^ 0 . eiemol/L.tF^i^^^lii^^^OSo. OlOlmol/' 
L t i 5 ic, fiSm-v i^:«f (Mn S o 4) tIcMIiKx BitM=^y'ir/v(NiS04) 

7X^1^. am=i^^>'V' h (C o S O4) 7K^^2tt?fc K^-;^^' (NHzNHa) tK^ 

i - C o *ttHUIP#:«. fi—Ni (OH) 2M»fe^«itSr^ t bX-g-A/t? S 
t *p d> o ^ o 

nhflfcMn - N i - C o ^itmrnW^ t 7km^t y 9^ l> i=^-7k:^|&7^ ^JT.^^J:!: 
TLi / (Ni+Mn + Co) =1. 2t^'5j:5{;:W4Ux HiSFill^rl^lSfC 

e^ih-fcL i - Mn-N i - C o m^Mit<^n. ^f^m R S - m M M ^ f^^ ?> a - 
N a F e O 2#3t/5S±(-^m $ ttfco ICPm^^W©/^*x Lii.2Mno.4 
5 N i 0. 2 C o o. 3 s02^J^«r?l^b:fco B E T Jt^ffiSlfi 0 . 5 m ^ / g 

(mmm 5 ) 

■v>':*f>-^^dSO. 6 1 6mo I X L . =■ y 'tr /U'^^ ^ H)^ 0 . 3 5 2mo 
=iy<i7U h^,Mtf^ 0. 792mol/L. fc K7i?V^g^;5S o. OlOlmol/ 
L t /jj 5 5 Jc. a^-^ v:«f (Mn S O 4) 7K^^> >:y -^/v (N i S O 4) 

w^im=i y<-'i^ h c c o s o 4 ) tk ?^ s. tj^ t f 9 >- ( n h 2 n h 2 ) 7j< 

i - C o *ifc«&^i*:Srf^S!» U/Co ^ y ^ ;^^lsI*Tay^®Sgm. #^tt^Mn-N 
i - C o #ktfcS&)P#:{i. ^— Ni (OH) 2MJfe^#3t?lr^ t LT-^^-eV^S 
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-CLi / (Ni+Mn + Co) =1. 2 b fj: ^ ^ 0 i^n* V . 1 k mUi^ 

LXLi-Mn-Ni-Co m^miti^^mti. ^^^y-^ ^ M EJ WiftI © ife * . # 
e)tt:fcLi-Mn-Ni-Co «-&^'fb4^{4> ^I^^R3-mt;:j§S$n-5a- 
N a F e O 2«3t*S^{-tfettl ^ ttfc I C P m^^*f © 3»m , Lii.jMno.s 

sNio. 2C00. 45O2 U^^nm U fco BET J;b^M ^« 0 . 4 m ^ / g -r? 

{mmm e ) 

0.290mol/L.= 0.290mol/L. 

=1 ^<;y^ hWi^-ti^ 1 . 179mol/L. tK7i^^-JiS;5S0. OlOlmol/ 
Lt;fe5<}: 5fc. fii£i^-^V;«fi^ (MnS04) 7jc^^g, «g®&=y<5r/i^ (n i SO4) 
Tfc^^S. ?it:^=i^^/v h (c o s o 4) 7K^ie?3SlT^ t K^i?:/ (NH2NH2) tK^ 

i - C o ^}^mmW^ VfM bfCo ^ iJ' [U J/r ffill ^ ^ , n - N i - C 

o^itmWiW\t. ^— Ni (OH) zM^S^itSr^ i: b-C-g- A/-eVN 5 ^ 

X'Li / (Ni+Mn + Co) =1. 0 t fj: ^ X ^ i^m-M. . MMm 1 t mUi^ 
LTLi-Mn-Ni-Co « -6- m>fb ^ # . ^ y Jt^ HI *f 99 ^ <^ ii* * . # 
e>tLfcLi-Mn-Ni-C o ^-g-^-ffcifeltt. ^^^R3-mte:»JS$tb5a- 
N a F e O 2#l3t;5S^iC;^m $ ;jxyto I C P Lil.oMno.i 
65Nio.i65Coo.67O 2ia^*?ft^ Ufc. BETj:b^®|gl4 0. 4m2/g 
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immif>i 7 ) 

0 . 880mol/L,=y^7VilS;65 0. 880mol/L 
k ti: ^ ^ ^ , mm-^ :if (Mn SO4) /ic^^S^U«^»gm= 5/ <Jr/V (N i S O4) 

*ttf«)P^2is ^— Ni (OH) 2M^^a«3g^^ t bT-^A^-X?VNS r 

:dSIS^J:t:'CLi:Mn:Ni:Co = l. 0:0. 165:0. 165:0. 6 

mm-t^^bxi^ i - Mn-N i - Co ^-a-^-fk^bSTf^ss bfc„ :^-y ^ :^mmm 
m^(DW^. mi^ i - Mn-N i - Co m^mitm\^. ^r^m^ 3 -mi^mm^ 

tL5 a -N a F e O 2#jt;0S^(:i;^m $ixfc„ I C P ^ © jfe x Lii.o 

Mno.i65Nio.i65Coo.67 O zU^t:mm\^ti. BETJt^ffiSlttO. 5 
m'' y e b fs: -oit. ^^Mm^^l^^li^ b :/t 3^^^ S 3: ^ © - 

im^m 8 ) 

'^ly:ff>m&i>^ 0. 8 8 0mo I / L . =^ y ^ 0 . 4 4 0mo 

=i^<jv h^&i)^ 0 . 440mol/L.tK7^^:/«S;6S0. OlOlmol/ 
Lfc;tc6J:5(-x (MnS04) tK^I^. ?5S^-y (N i s O4) 

7k^?^. «;^=i/-^/V f> (C o S O 4) :^mmRXJI^^ K7 v?^ (NH2 NH 2) 7jc^ 

;5>ofcrt^efeV^■C^i^^fe0»Jl tl^#{CUTMn-N i-Co * It tfi ^ Si 

vfzo y -{^ ^mmi^fm^<om^. 2 e = 2 c #ig ©^v^iHi^jjS(c^px.-c. 1 
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0 ° #i£ ^: 2 2 ' hm^Bt^mnb hth.^Mn -N i - C o * 2t *& IE fi x 

13— Ni (OH) 2f-*P:tXa— Ni (OH) g M ^ ^ «l 5t /^^ * J^fig b T V^ 5 
35^ o fc o 

nhtltcMn - N i - C o *aiuPi2^ TKM'fk V ^ -yk&'B^ t ^ it 
-Q-L i / (Ni+Mn + Co) =1. li/^Si^ (C^fi: |IM0iJ 1 t 
U-CLi-Mn-Ni-Co ^-a-^^b^Sl ^#fco ^ ilS HI Jff ^ <^ .JSH x ^ 

^S^R 3-m(3:'jtJ^$tl^5 a-Na F e Oa^t^ti-SPX-T. L i zMnOgtSicS 
e>tt5lHlJff^:iS2 2°(c:mi6^>ttfc. 2 0 = 18. 7°©IllJ)Tj||tC^ 
2 2 " o|Hl^«S<DaiSJt SrJSm bfe i: 0. O6i:)5:ofco iCP^fife 

^^<^^:f:^ Li 1. iMno. sNio. 25C00. 2 ^ O ^U^^nW^^lt., BET 
J:b^®^(tO. 6m2/gt7feofco * fc. ^ ^ S « ^ IS 1^ ^ ^ ^ J; 11 JglJ $ 

tL5 -^feJg'i^cD^S© 1 0 0 ;^*^#:ig^ UX2Fi&E^^Sr^*:fe: i 5. 2. 0 
IX xn h. fi 'Z' fz. a 

1 ) 

:^ >' Jft S *S l-OSSmol/L.^^^ 0 . 3 5 2 m o 1 / 

=3x</V hilgP^JS 0 . 3 5 2 mol/L. t K 7 >- ig S >^ 0 . OlOlmol/ 

L t /.c 5 i: 5 (c, ^S^m-^ (M n s o 4 ) 7Y.m'^s mw.=^ y ( N i s o 4 ) 

7jc^|g. h ( C o S O 4) 7j<;^^:S.U? t (N H 2 N H 2) 7JC ^ 

i - C o *tt:etrlg#t$rf^SS{ Ufco ^ y ^ >^aElW^»i^<^5fem. #t>ttfcMn-N 

i *etS&iS#:f4. ^— Ni (OH) 2 M ^ ^ « 5t ^ ^ t U T T 6 - *p 
o fc „ 

#btb:r::Mn-Ni-C o Wlp^*: t 7k^>fb y ^ A -7K^«&5jc t ^ JS^^ Jt 
-^?Li / (Ni+Mn + Co) =1. 3t?fe5ct5}C#ftb, 3life^!Jl'i:lliaic 
b-CLi-Mn-Ni-Co 1i ^-fb #5 % # „ y ^ S lij ^ffi!) ^ O ^ ;^ > ^ 
I^S^R 3 -miClIf $ tbS a - N a F e O 2 ^it {ClJO ;t T . L i 2 M n O 3 +1 * 
t IL fettS m^^S^S 2 1 ° tJl^J?) ^jHfco 20 = 18. 6° (^|Hl*fll{^*f 
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^m<D^i%, Lii. sMno. eNio. 2C00. 2O zB.^^mmVtio B E T J;b 

m i: Tfe o 7t o 
(JttS<9l| 2 ) 

-^l^^ lym^t^ 0. 704mo l/L.-y <>-/^^^;ei^ O.176mol/L. 
=1 O . 880mol/L^ tK^i^V^SS^SSQ. OlOlmol/ 

L t /jC S .t 5 tc, iJSEM-^ >':«f > (M n S O 4 ) tK^^. mm- ^JV (N i S O 4 ) 

tK^?^^ ||Kg?=iy^/l/ h (C o S O 4) 7k?^f^S.t>' t v^V (NH2 NH 2) 7J<?§ 

i - C o ^^tttSm^^Srf^iS L:rCo ^ y iJ' ^«llHlJfflB!l3t©Sfe*. #e>ttfcMn-N 
i - C o *itS&l^#f4. iS-Ni (OH) 2®j^^fil5tSr^ t bT-&A/-CV^5 i 

i o fc c 

#t>tb-/tMn-Ni-Co t TKM-fti y 5^ A - tK^I^t^ t ^M^it 

-Q-L i / (Ni+Mn + Co) =1. 3t*Sipfc^p4b. iife^^ltlli^tc: 
UTLi-Mn-Ni-Co ^ ^>fb ^ # » ^ It [U iff S!l ^ <^ * ^ Pa^ 

g^RS-mJCilf^^tLSL iM02#it(c;!}fl^T. L i zMnOa^ifC^jfe-f-^t 
^ b ttS Ial^7ll;JS 22° fcm«e>e>H:fe:o20 = 18.7° © IhI *f ^1 ^fi" 5 2 2 ° 
©^^ib^aSffl t 0. ozhta^lto i c p ija ^ ^ff <^ 5fe * x H i|s|- }c 

?lr^#:iffML.T¥*&li:^tr^ie)fc t C 2. 1 m m t o fc„ 

(J:b$55{5iJ 3 ) 

:^:«f vaiSjJS O.352mol/L, v ^ J'VWk&.t^ O.176mol/L, 
231mol/L, fcK7S^i^JS*;5S0. OlOlmol/ 
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L t 5 J:. 5 t-. mi^-^ (MnS04) 7X^^^. y ^ (N i S O 4 ) 

tK^I^. mm.^^^y^ V (c o s o 4) Tk^^^ht/^t K^i^v (NH2NH2) 

i - C o ^.f^tStr.Sgf^jc^f'^^ U:fco ^ y i!' :^^felHI^ff^S!l^«^^:i:^ #6nfcMn-N 
i - C o ^:efcS&^#{4. 3-Ni (OH) 2MJig^#5t^±i U-C-&^X'V^^ ^ 

# 6> tLfr.M n - N i - C o ^tk^mMW- h TK^-ffe; y ^ A — 7KJ&f&* t ?rIS^Jt 
-CLi/ (Ni+Mn + Co) =1. 2 t fj: ^ ^ ^ . H iS 1 1^ ^ fJl L 

i -Mn -N i -c o^-a-M^fc:'^=lr#fco ^ y :^«Sli]^fflfl^©ite*. ^hinlt. 

L i -M n - N i - C o ^-^i^-fkifeltt^ a - N a F e O 2 * * 1- v ^ K 1^ R 
3-mlC:)?frM^:JX'5a-Na F e 02=^igdS^}C|feai$tL/Co I CP,1fi^:5^W<^ 
L ii. zMno. 2Nio. iCoq. 7O 2^^^^^ UfCo B E Ti:b^®IS 
{40. 8 ra^/ g -x?fco:fo„ * fc. tg^ Sg|S^«l^ »J: i •? $ tt 5 - 2fe 

1 O 0 ;^^^#:3giH bTSpi^iit^Sr^fefc 2: r 2. 6 m m t 

1 {C* i!)T^1-c _h|2^M^y;S.t>*J:bt!?^jTMtM Ufc L i -M n - N i - 

C o ^^n.ihmU^k^^^^X . m.^^ : Li,Mn3NibCo«02l-*3ttSa, 
b, c ©'{ii^ U-C^ 1 ©HTcJl^Sggl-hfC^-^r-C^-f-o 
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m. 1 





LixMn,NlbC6„02 


Li-Mn-Ni-Co^^M4bJK!l 


X 


a 


b 


c 


FTTI P<4^ cCe LU 

^ s / m ; 


BET )x.Wmm, 
m /g 


jt-i- 43^. 

/i m 




1 .1 


0.360 


0.320 


0.320 




0.5 


2.0 


mM.m 2 


1 .3 


0.520 


0.240 


0.240 


0.02 


0.6 


1 .0 


3 


1.1 


0.520 


0.430 


0.050 


0.03 


0.6 


0.8 




1.2 


0.450 


0.200 


0.350 




0.5 


1 .5 


1—4— I 1 f /m H 

5 


1.2 


0.350 


0.200 


0.450 




0.4 


1 .4 


Hii'l^ 6 


1 .U 


U.I bo 


U.I OO 


U.O /U 




U.4 


0 n 




1.0 


0.165 


0.165 


0.670 




0.5 


1.8 


cSa ini O 


1.1 


0.500 


0.250 


0.250 


0.06 


0.6 


2.0 


J:b^«»l 1 


1.3 


0.600 


0.200 


0.200 


0.04 


1.5 


2.4 


Jt®!«y 2 


1.3 


0.400 


0.100 


0.500 


0.03 


0.3 


2.1 


t^m-m 3 


1.2 


0.200 


0.100 


0.700 




0.8 


2.6 



^JS^J:J5.t;^J:b|i5'^!j-C#fenfc-^tt^*tl.COL i - Mn-N i - C o^fi-^M'fb^^^ 

^ ;5tu5?it^^J-efc s 2Ky:7y'fl:t'^yv"i^ (pvdF) msit s 5 : 

10 : 5(Dflj'a•t??S■B•b^ N-7f5^>'V-2-b'ayKi^ (NMP) ^M'^X-^^ 

mi^m^ wc^m 2 5'c©^?g.4'-ei^^^*^^ $ bici^jEET 1 a or t? 1 2 
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002) 0. 337nm. c W ;^ Ip] <D ^ ^ (D t § (Lc) 55nm) RXJ^:^ V 
■7 it If D > (PVdF) ^MS)t9 5 : 5 © fj -g- 1? -g- U . N — :^'^^U- 

(NMP) ^Mx.x+^mm\^. ^^m^— h %#fc. m 
2 5 t^(o^ta4'-e i ^^si^x ^ e>jc^ffiT 1 3 ot:-e 1 2NFra4Sj!^ibfem. ^ 

JiBa;^yfelc J; !9 . ^Mm i ~ 7 S. i:k I5f i ~ 3 -x?»64x;fc L i -M.n - N i 

tt:*:^ e^itm 1 ~ 7 ^ttj«jtt!^m?& 1 ~ 3 t -r 5 „ 

2 V (D ^'mmMm&%^ t l> s^m^-i^tt, m^^g 0 . 1 i t a, m±ms. 3 . 0 

V(D^m«i*m tLfco ::cit?. lOiJ-^r^/i'i ©JfeS^* (m a h ) 2 
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Wi-i. 5 . 0 1 t A, liBE 4 . 2 V <DMnmMm,m^m t nm^kwi'i. 
mms. 0 I tA, ?^jbmff2. s v^^m^E^fcm t ufc. s. o i t A%nm 

l-f-'fiJ'^vgt 6 0-9-^i^/H(Oii6:«^* (mAh). S:t>\ ttflBl l 
i^^^^ (o/o)j fcbX. ^ 2 bfco 



^ 2 





/J A *B»XX.=B, 

mAh/g 
(0. 1 ItA) 


1 i-y-w^iH 

mAh/ g 
(5. 0 ItA) 


^^^^ ^ 1 ^ f 1—4 

mAh/g 
(5. O ItA) 


% 


^MB^mjfe 1 


140 


91.0 


90.4 


99.3 


2|s:fgB^m;l!l 2 


130 


91.0 


82.6 


90.8 


:2^^i»9}t!> 3 


139 


97.3 


95.9 


98.6 


^fg^m^ 4 


130 


97.5 


96.0 


98.5 


:^%B^mm 5 


137 


109.6 


108.0 


98.5 


2|5:f|B^m>i!J 6 


156 


124.8 


121.6 


97.4 




156 


124.8 


121.6 


97.4 




60 


36.0 


6.0 


16.7 


jt^mjiii 2 


100 


70.0 


45.5 


65.0 


itmmm 3 


145 


116.0 


104.0 


89.7 



m. 2 tC7i^Ufclg?t!lf^m<^j^*lC ittff. Li-Mn-Ni-Co ^-a-M^b^fe© 

la^ i: Lfci:l:^m?fei-J;b'<T^ ^«V^^ti^4=Sr^ 5. 0 I t A t V^ 5 
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±m\^ft.^x (DmmmRxj^it.^mi^i!)>i)>^ Li-Mn-Ni-co m^wtitm 

y m Jff gj {4 , ttf 12 L J; 5 I- ^ V> -f ^> R 3 - m 'Jf S $ 5 iU ^ 
Z.<D^-Q^ Umms. , 2 ISi.nitm.m l, 2lJ:#5Li-Mn-Ni-C 

L i aMn O atSi- rt^-fS ^ ^ tb -5 IDiffTii/OS 2 0 = 21° -(^afi 1^1^*6 t> 

i O 5 *>x ^jlife^J 1 . 2 31 U« it lISE^a) 1{C*5VNT. L i gMnOa t-S-^ < i # ;t 

h(Dm.^mtm^^mi^m^h \.xm^^it.^^mf^^ i . 2 jtT^ifc$!^«?ib 1 {^o 
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5*>^^J^^;LixMn,NibCoc02^^*5V^Tc/'(a + b + c) ^0. 5 
X. fct4;tfe ^ ^ 1 S lEtlS ^ ^Mt S - t t> o o 
;^j:*3, bfc^-C©^tife««JS.t)5Jtife^ajlJ:*5V^T, 2 0 = 18. 6°#ia(^IlI 

^ (A) <?:) f — iS^-iagfi 1 8. 6° ±0. z" hUt>xm^^^m\^^M\^ . 2 0 

= 4 4. 1° #ifi(D[H]$ffi^ (B) <Dt°— i^'fie^)44. 1±1° fctl*^)T^V^^5 
H(::5i-^Ufco b <^)|Hj W^lA, B(Z)^^it (B/A) 0. 65 

v^§ri^;iS^I^$t^.fco ^Sfe^il6t:::^^;6*SL i - Mn-N i - C o ^-a-^-fb^^to 
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